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VARIABILITY IN COMPOSITION OF SURFACE LIPIDS
THE PROBLEM OF THE EPIDERMAL CONTEIBUTION*
DAVID I. WILKINSON, Pn.D.
The concept of psoriasis as the expression of
a disturbed lipid metabolism in the epidermis
has often been studied by the analysis of surface
lipids, in order to define lipids or lipid com-
ponents characteristic of the disease (1). The
validity of this approach rests on the assump-
tion that the epidermal contribution to the sur-
face film is sufficiently large to facilitate the
detection of such lipids, even When diluted
with sebum. However, no quantitative assess-
ment of the relative amounts of sebaceous and
epidermal lipids in the surface film has been
reported.
A study of the sterol ester: free sterol ratio
in surface lipid suggested the possibility that
this ratio might decrease with increasing time
following an initial defatting step (2). Since all
available evidence points to an epidermal ori-
gin for free sterols, and indicates that sterol
esters are derived from both sebaceous (mainly)
and epidermal (partly) sources (3), this de-
cline might be attributable to an epidermal
component which was becoming increasingly
obvious with time.
If surface lipids varied in composition as a
result of the accumulation of lipids from the
epidermis, it might be possible to interpret the
variation in terms of the available data on the
lipid composition of the stratum corneum (4—
6). From this data, one might predict that the
horny layer probably supplies free and esterified
cholesterol, FFA1 (mainly unsaturated C18) and
possibly TG to the surface pool.
Some investigators have used this informa-
tion in evaluating the composition of lipids
from skin surface with different concentrations
of sebaceous glands. Using lipids from areas
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with relatively few glands (and, accordingly, a
possibly more distinct epidermal contribution),
Boughton and co-workers demonstrated ele-
vated cholesterol levels (7, 8), and Muraki has
reported increased levels of octadecenoic (18:
1)° acid (9). However, various phenomena like
the marked increase in stearic acid (18:0) noted
by Muraki, still require explanation. This acid
is of only minor significance in epidermal (10)
or stratum corneum (4) lipids.
This report describes the composition of the
surface lipid film in 2 subjects. This film was
permitted to renew itself for various intervals
of time following a defatting process. It was
hoped that any changes in composition would
reflect the presence of epidermal lipids.
MATERIAL5 AND METHODS
The surface of the forearm skin of each of 2
subjects (healthy males, ages 24 and 34) was de-
fatted between wrist and mid-point of the upper
arm by irrigation with acetone (200 ml per arm)
delivered from a wash-bottle, and the washings
were discarded. Various time intervals (1.5, 3, 6,
12 and 18 hrs.) were allowed to elapse before re-
peating the process, when the washings were col-
lected for analysis. Collections were conveniently
carried out by applying the acetone to each arm
while held over a glass trough, so that the wash-
ings drained off the bent elbow into the vessel.
Only one collection was performed daily, i.e., no
attempt was made to make the time intervals con-
seeutive. During each interval, contamination and
loss of lipid by adsorption on clothing was avoided
(1).
Acetone solutions were filtered through siotered
glass, evaporated and each lipid sample redissolved
in hexane (30 ml). FFA were isolated with KOH
solution (1), dissolved in hexane in a 100 ml
volumetric flask and an aliquot (1.0 or 2.0 ml)
was taken for assay of FFA by Duneombe's
method (11).
Neutral lipids were estimated by drying their
hexane solution (anhyd. Na1SOs), evaporation and
weighing. They were then resolved into lipid
classes by TLC (12). Bands corresponding to
squalene, wax-sterol esters, and free sterols-di-
glycerides were scraped off and extracted with
dichloromethane. The last fraction was reapplied
1Designates number of carbon atoms: number
of double bonds.
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TABLE I
Variation of sample size ("total lipid", in mg) with time, and extent of occurrence of minor lipid classes
(% of sample)
Subject *1 *2
Hours 1.5 3 6 12 18 1.5 3 6 12 18
Total lipid 12.7 21.6 36.9 36.0 40.2 6.2 9.5 32.0 32.0 32.7
Sterol esters 3.3 3.3 3.3 3.5 2.9 1.1 1.0 1.5 1.8 1.8
Free sterols 0.3 0.3 0.3 0.3 0.3 0.5 0.5 0.6 0.6 0.5
Diglycerides ND ND 0.1 0.1 0.4 ND ND ND ND 0.1
Other 2.0 1.9 2.1 3.9 2.5 1.9 0.5 1.1 0.7 1.1
ND = not detected.
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titation involved measurement of peak area
(height X width at half height), and the area of
each peak was expressed as % of the total. Each
ester mixture was chromatographed twice and
mean values deduced for each peak.
The total amounts of surface lipid (in mg)
obtained by washing the forearms of each of
£ & SE two subjects with acetone after various time
8 intervals are given in Table I. These quantities1.5 3 6
h r $ became almost constant for periods in excess
of 6 hours. The extent of occurrence of each
lipid class was expressed as a percentage of
entire samples, and the variations in composi-
tion with time are shown graphically in Figures
1 and 2 for major lipid classes and in Table I
for minor classes.
Considerable variation was encountered in
to a plate and developed with ethyl acetate-
hexane (1:4, v/v) to separate sterols and di-
glycerides. Squalene was dissolved in hexane (50
ml) and aliquots (1.0 or 2.0 ml) assayed by the
method of Rothblat et ol. (13). The wax-sterol
ester and triglyceride fractions were estimated by
weighing. Free and esterified sterols were measured
as before (2). Diglycerides were assayed by the
Marsh-Weinstein method (14).
For fatty acid analysis, FFA and TO were
converted to their methyl esters, purified, and
subjected to GLC procedures as before (1). Quan-
the composition of samples obtained after the
sborter time intervals. These had lowest rela-
tive amounts of TO and maximum FFA. TO
increased with time, sharply at first, then be-
came almost constant. The rise in TO content
during the first few hours accounted to a con-
siderable extent for the decline in the amounts
of wax esters, squalene and FFA, on a per-
centage basis. In subject #1, proportions of
free and esterified sterols were constant. Di-
glycerides were detected only in samples col-
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Do. 1. Variation of surface lipid composition
with time following defatting (subj ect #1). TO
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Fjo. 2. Variation of surface lipid composition
with time following defatting (subject #2).
lected after longer intervals.
Fatty acid profiles are outlined in Table II.
Only principal fatty acids are quoted, cor-
responding to the major chromatogram peaks.
These peaks present the pattern obtained using
SE-30 or OV-1 stationary phases (15). These
peaks may be composite, e.g., the one designated
18:1 contains 18:2 and other C,3 acids. Amounts
of each acid are expressed as per cent of the
whole, and maximum and minimum amounts
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encountered in the entire study are given. Vari-
ation in individual triglyceridic acids in sam-
ples of any time interval was very slight. In-
dividual FFA varied much more, but in an
irregular fashion; hence, only highest and
lowest values are given in Table II.
DISCUSSION
Using the above techniques it was possible
to expose an almost constant area of skin to
acetone at each collection. The efficiency of the
procedure was checked on some occasions by
repeating the collection immediately. These sec-
ond washings yielded a small additional amount
of lipid which was never more than 1% of the
first.
The fact that samples of similar size were ob-
tained after 6, 12 and 18 hours was surprising
in view of the convincing demonstration of con-
tinuous sebaceous secretion on forehead skin by
Kligman and Shelley (16). Under our experi-
mental conditions, loss of sebum by adsorption
on clothing was not permitted, and loss by
migration onto the surface of the hands was de-
duced to be insignificant by holding a narrow
defatted gauze bandage in place around the
wrist with a rubber band for 18 hours, and
then extracting it with acetone (2—3 mg lipid
obtained). Doorken and associates have sug-
gested that sebum is less mobile than usually
visualized (17).
The results confirm fairly well the observa-
tions of Nicolaides that an inverse relationship
exists between the amounts of TG and FFA in
surface lipids (3). The 1.5 hour samples con-
tamed the maximum amounts of FFA and mini-
mum TG. With longer intervals, TG increased
and FFA declined. When TG levels stabilized,
FFA showed a tendency to increase, and prob-
ably continued to do so beyond 18 hours. This
phenomenon has been attributed to surface
microbial activity by Nicolaides (3). The small
quantities of diglycerides which occurred could
have arisen by partial hydrolysis of TG in the
procedure used for isolation of FFA; Nicolaides
has observed that this technique can convert
as much as 0.72% of a skin lipid sample to
diglyceride (6).
Assuming that all surface lipid FFA is de-
rived from TG, the fatty acid spectrum of both
should be very similar, if not identical, es-
pecially since diglycerides were present only in
extremely small amounts in the two subjects'
lipids. However, reference to Table II shows
that the fatty acids of the TG and FFA were
quite dissimilar. The composition of the TG was
strikingly constant in all samples, and, while
that of the FFA was considerably more
variable, it was readily observed that the latter
contained increased amounts of palmitic (16:0)
and stearic (18:0) acids and perhaps saturated
acids in general, as well as reduced amounts of
hexadecenoic (16: 1) but increased octadecenoic
(18:1). Actually, previously published chromat-
ograms by Haahti (15) showed the same pat-
terns for TG and FFA as these, but were not
discussed by the author. The differences be-
tween TG fatty acids and FFA cannot readily
be ascribed to the presence of FFA of epidermal
origin in view of the elevated levels of 16:0 and
Subject
TABLE II
Maximum and minimum values of percentage occurrence of fatty acids of TG and FFA
TG FFA TG
Fatty acid
15:0
15:1
16:0
16:1
17:0
18:0
18:1
22:0
24:0
FFA
6. 4—6.6
5.5—5.7
21.8—23.4
20.3—21.2
1.1—1.3
2.5—2.6
8.3—9.3
0.4—0.5
1.5—1.9
6.8—7.9
4.3—4.9
26.8—34.8
11.0—16.3
1.4—1.9
4.8—6.3
5.4—9.5
0.6—0.8
1.6—2.8
6.5—6.9
4.4—5.1
21.6—22.0
19.8—20.2
1 .5—1.6
2.4—2.7
12.5—13.2
3.1—3.8
0.9—1.2
3.7—4.6
1.7—3.2
28.9—32.1
6.8—12.5
1.4—1.9
7. 8—14.9
21.5—25.2
0.5—0.9
1.2—2.1
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18:0 in FFA. There was no indication that the
concentration of a particular acid or group of
acids increased with time. The variation in
FFA composition did riot show a recognizable
pattern. Possibly these phenomena reflect the
utilization of acids liberated from TG by skin
flora.
In most of the samples obtained from sub-
ject 1, 87% of total sterol was present in
esterified form; in the final (18 hr) sample this
figure was 85%? Since an earlier study (2) had
shown that the average percentage in back
surface lipids of healthy subjects was 54.6
(casual level) and 57.9 (with preliminary
cleansing), it was suspected at first that these
high ester values reflected high sebaeeous and
low epidermal components (see introduction).
However, the casual level figure for this sub-
ject has been found to be 77%. From Table I
it can be seen that the values for subject 2
varied from 57—68% and were therefore close to
the casual level average.
The studies of Boughton and co-workers (7)
have supplied additional evidence of the con-
stancy of the free sterol content. During obser-
vation of the latter in back skin surface lipids
of several subjects over a period of one
month, they found that the amount of cho-
lesterol was fairly constant, no matter whether
1 or 3 days had elapsed since the previous
(acetone) collection from the same area.
The fact that the extent of sterol esteriflea-
tion increased with time from 57 to 68% in the
ease of subject 2, suggested that free sterol
may be removed from the surface lipid pool
by esterifieation with FFA. Gara et of. have
claimed that this mechanism is operative (18).
From the data obtained in this study, there is
no evidence to suggest that lipid samples ob-
tained after only 2 or 3 hours contain a smaller
proportion of epidermal lipids than the 18 hour
sample. If the constancy of the amounts of
lipid obtained after 6 hours does indeed reflect
cessation of sebaeeous outflow, the chances of
observing possible accumulation of epidermal
lipids would seem to be increased. However,
the latter could not be detected by the pro-
cedures used. The idea that epidermal lipids
were entirely absent from all of the samples
studied can only be entertained if the free
Sterol esters were calculated in terms of
cholesteryl palmitate.
sterols in the surface film arc considered to be
of sebaceous origin. There is no evidence to sub-
stantiate this theory.
SUMMARY
Surface lipids were collected from the arms
of two subjects after time intervals of varying
length, following an initial defatting of the sur-
face of the skin with acetone. The composition
of the lipid samples was examined with respect
to lipid classes and fatty acids. Considerable
variation was observed in the relative amounts
of constituents of lipids collected after short
time intervals, particularly of TO and FFA.
The fatty acid profiles of TG and FFA vere
consistently different; this is difficult to explain
by current concepts of skin lipid biogenesis. In-
crease of porportions of typical epidermal lipids
(e.g., free sterols, unsaturated C,, acids) with
time was not observed.
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